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Aims:

Cladribine tablets have shown significant efficacy for the treatment of relaps-

ing multiple sclerosis, a chronic and debilitating immune‐mediated disorder. This study
was conducted to examine acute and/or cumulative effects of cladribine tablets 10 mg
(3.5 or 5.25 mg/kg cumulative dose over 2 years) on heart rate, AV conduction and cardiac repolarization in patients with relapsing–remitting multiple sclerosis (RRMS).
Methods:
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CLARITY was a 96‐week, double‐blind, placebo‐controlled, multicentre

trial which evaluated the safety and efficacy of cladribine tablets 3.5 and 5.25 mg/kg
body weight in patients with RRMS. A total of 135 patients were included in the
ECG substudy, providing a total of 1534 post‐dose ECGs. ECG data were collected
15 minutes pre‐dose and between 0.5 and 3 hours post‐dose at pre‐study evaluation,
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study Day 1 and Weeks 5, 9, 13, 48 and 52.
Results:

For cladribine tablets 3.5 mg/kg, the maximum change in placebo‐adjusted

post‐dose QTcF vs. visit‐baseline (BL) was −0.42 ms (90% CI: −3.61–4.44) at Week 1
(acute effects), and 3.20 ms (90% CI: −0.08–6.33) for cladribine tablets 5.25 mg/kg.
The greatest observed differences in post‐dose QTcF vs. study BL occurred at Week
48 for both the 3.5 and 5.25 mg/kg doses of cladribine tablets with 5.99 ms (90% CI:
0.53–11.44) and 8.74 ms (90% CI: 3.18–14.31), respectively. No significant changes
were observed in T‐wave morphology in either treatment group.
Conclusions:

Cladribine tablets 3.5 mg/kg (approved dose in Europe/other regions)

did not confer clinically meaningful effects on heart rate, AV conduction and ventricular repolarization.
K E Y W OR D S

cardiac safety, cladribine, modelling, multiple sclerosis, QT/QTc interval

The principal investigator for the CLARITY study was Prof. Gavin Giovannoni. He had direct clinical responsibility for patients. Since we are reporting a secondary (sub‐study) analysis, this PI is not
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I N T RO D U CT I O N

|

What is already known about this subject
Multiple sclerosis (MS) is a chronic and debilitating immune‐mediated
disorder of the central nervous system, in which B and T cells are
believed to play a major pathophysiological role.1
Cladribine tablets 10 mg (MAVENCLAD®) were recently approved
in Europe2 and other regions for the treatment of adults with relapsing
MS (RMS), and were shown to have significant efficacy for the treat-

• Cladribine is a nucleoside analogue of deoxyadenosine,
and cladribine tablets were recently approved in Europe
and other regions for the treatment of relapsing
multiple sclerosis (RMS).
• Cladribine

tablets

are

associated

with

targeted

lymphocyte reduction and durable efficacy.

1,3,4

ment of RMS in placebo‐controlled Phase III trials.

Cladribine is a nucleoside analogue of deoxyadenosine. The
cladribine prodrug is phosphorylated intracellularly to its active prod-

What this study adds

uct, 2‐chlorodeoxyadenosine triphosphate (Cd‐ATP), primarily by

• This study presents the evaluation of the cardiac safety

deoxycytidine kinase. In most cells this deoxynucleotide product is

of cladribine tablets with particular emphasis on the

degraded, by 5’‐nucleotidase. Cells containing a high deoxycytidine

potential QT/QTc risk in patients with RMS.

kinase to 5′‐nucleotidase activity ratio such as B and T lymphocytes
accumulate deoxynucleotides to toxic concentrations, resulting in cell
death. By this mechanism, cladribine tablets exert a selective mode of
action on B and T lymphocytes.5,6

• Potential effects of cladribine tablets on the cardiac
repolarization were examined by an ECG substudy as
part of a Phase III trial (CLARITY) that was combined
with a population PK/PD approach.

Assessing the potential for a new drug to affect cardiac ventricular
repolarization, thereby causing life‐threatening arrhythmias, is now an
integral component of premarketing safety assessment in preclinical
and clinical development.

• There is no evidence of any cladribine‐related effect on
heart rate, atrio‐ventricular conduction or cardiac
repolarization.

The ICH E14 Guideline recommends a “Thorough QT Study”
(TQT) as a default approach to assess clinical QT risk.7 TQT studies
aim for careful evaluation of drug effects on ventricular repolarization
(i.e. the electrocardiographic QT/QTc interval) at multiples of therapeutic exposure together with a positive control to confirm the
sensitivity of the study and methods employed. Yet for some drugs
and diseases, including oncology and immunosuppressive drugs, elements of the TQT may be impractical or unethical (e.g. studies in
healthy volunteers and administration of supra‐therapeutic doses)
due to the potential for posing unacceptable risk to healthy volun8,9

teers.

In these instances, alternative approaches to QT/QTc risk

assessment are needed, and must be carefully considered and pursued. This has been acknowledged by the International Conference
of Harmonisation and adopted by the European Medicines Agency
by a recently issued question and answer (Q&A) document (R3) to
the ICH E14 Guideline.

This article presents the evaluation of potential QT/QTc risk of
cladribine in patients with RMS by means of an electrocardiogram
substudy

that

1.75 mg/kg that each comprised two treatment weeks; one at the
start of the first month and one at the start of second month of each
year. Each treatment week consisted of 4 or 5 treatment days on
which patients received 10 mg or 20 mg (one or two 10 mg tablets)
as a single oral daily dose, depending on individual BW. The cumulative dose of 5.25 mg/kg consisted of a further two treatment weeks
in the first year in addition to the 3.5 mg/kg dosing schedule.
CLARITY involved 1326 patients with a diagnosis of RRMS,
according to the McDonald criteria. Patients were recruited from
approximately 135 sites, located in, but not limited to, North America,
South America, Europe, Russia and Australia. Patients were randomly
assigned in an approximate 1:1:1 ratio to receive one of two cumula-

10

(ECG)

patients with relapsing–remitting multiple sclerosis (RRMS). The
cumulative dose of 3.5 mg/kg consisted of two annual courses of

was

combined

with

a

population

pharmacokinetic/pharmacodynamic (PK/PD) approach as part of the
multinational, multi‐centre CLARITY Phase III trial.1

tive doses of cladribine tablets, i.e., either 3.5 mg/kg or 5.25 mg/kg
BW or matching placebo.
The treatment weeks were started on the first day of the first
month (Week 1, Day 1) and of the second month (Week 5, Day 1)
of each of both years. The cumulative dose of 5.25 mg/kg BW
consisted of six treatment weeks (Weeks 1, 5, 9, 13, 48 and 52). The
3.5 mg/kg dose group received matching placebo tablets in

2

METHODS

|

treatment Weeks 9 and 13, and patients assigned to placebo received
their treatment according to the schedule of the 5.25 mg/kg BW

2.1

|

Introduction to the CLARITY trial

treatment group. Accordingly, the weekly doses of the 3.5 mg/kg
and 5.25 mg/kg BW groups were identical, and the higher total cumu-

The CLARITY trial (ClinicalTrials.gov number, NCT00213135) was a

lative cladribine dose in the 5.25 mg/kg BW group was achieved by

96‐week, Phase III, double‐blind, placebo‐controlled, multicentre

the employment of two additional treatment weeks (i.e., Weeks 9

trial which evaluated the safety and efficacy of cladribine tablets

and 13). Further details of the CLARITY trial have been published

3.5 mg/kg and 5.25 mg/kg body weight (BW; cumulative dose) in

elsewhere.1
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ECG procedures and analysis

The ECG substudy in the target population of RRMS patients was

ECGs were recorded at the qualified sites on each patient and sent to

designed to evaluate potential acute and/or cumulative effects of

a central laboratory (eResearch Technology, Inc., Philadelphia, PA,

cladribine on the ECG intervals (RR, PR, QRS, QT, QTcB and QTcF)

USA) for a high‐resolution measurement of the cardiac intervals and

and T‐wave morphology, with a particular emphasis on the heart rate

morphological assessment by a central cardiologist blinded to the

corrected QT interval (QTcF, QTcB), as a well‐accepted surrogate

study treatment. ECG measurements were performed using digitiza-

measure signifying delay or heterogeneity in cardiac ventricular repo-

tion software with magnification of the ECG and on screen callipers

larization which may possibly be associated with proarrhythmic char-

by experienced technicians and a centralized cardiologist who was

acteristics of a drug. QTcF was the primary outcome variable. The

blinded to the tracings.

timing of the ECG assessments within a day (between 0.5 and 3 hours

Manual measurements of the RR, PR, QRS and QT interval dura-

after drug administration) and the day within a treatment week (Day 1)

tions were performed and QTcB, QTcF and heart rate were derived

was selected to obtain ECGs at maximum exposure and to allow for

from three consecutive complexes per single ECG. From these values,

proper characterization of the concentration–effect relationship. To

means were calculated and reported by treatment group. For the QT

allow for a concentration–effect analysis of QT/QTc‐interval data

interval measurement, ECGs were measured in lead II. If lead II was

(QTc/PK modelling), the entire ECG population (n = 135) formed part

not measurable, lead V5 was used.

of the PK sub‐population (n = 173) of the CLARITY study.

The following calculations were made from the interval measurements: Heart rate (HR = 60/RR); heart rate corrected QT‐interval

2.3

|

ECG data collection

For the ECG substudy, 23 centres from nine countries were appropri-

using HR‐correction by Fridericia's formula (QTcF = QT/3√RR); heart
rate corrected QT‐interval using HR‐correction by Bazett's formula
(QTcB = QT/√RR).

ately qualified, equipped and quality checked by a dedicated vendor,

Abnormal morphology features present on any one of the

and central reading of all ECGs by expert cardiologists was applied

post‐dosing ECGs were compared with baseline. The occurrences of

(eResearchTechnology, Inc., Philadelphia, PA, USA).

new T wave inversion and new U waves were documented by treat-

Standard 12‐lead ECGs were recorded at the study sites in

ment group.

patients randomized to the ECG population. These patients had ECGs

In line with the ICH E14 Guideline,10 clinical relevance was defined

collected at pre‐study evaluation, study Day 1 and at Weeks 5, 9, 13,

as a drug‐induced effect on QTc above the upper bound limit of

48 and 52 at the following time points: three ECGs taken 15 minutes

10 ms. A negative QT/QTc study outcome is one in which the upper

apart pre‐dose, and two ECGs taken no longer than five minutes

bound of the one‐sided 95% confidence interval of the ANOVA anal-

apart between 0.5 and 3 hours post‐dosing. Recordings were made

ysis for the largest time‐matched mean effect of the drug on the QTc

on Day 1 of each treatment week in each patient after at least

interval is below this threshold for all time‐points. It needs to be

15 minutes' rest in the supine position. According to the ECG

acknowledged that the 10 ms threshold refers to acute effects vs. visit

substudy protocol, a total of 31 ECGs (i.e., three baseline and two

baseline in well‐controlled settings without any confounders such as

post‐dose ECGs at each visit, plus one screening ECG) were to be

time and disease effects and concomitant medications. In longitudinal

recorded for each patient.

observations in Phase III studies, confounding factors such as disease‐

The timing of the ECG assessments within a day (between 0.5 and
3 hours after drug administration) and the day within a week (Day 1)

related QT effects and changes in concomitant medications have to be
taken into account.

was selected to obtain ECGs at maximum cladribine exposure and to

Besides this common ECG evaluation by treatment group/dose, a

allow for proper characterization of the concentration–effect relation-

modelling and simulation analysis of the available PK and ECG data

ship. Instead of pre‐specifying a fixed post‐dose time, a target time

was applied to analyse the individual concentration–effect relation-

window of 0.5–3 hours post‐dose was specified for random ECG

ships by means of a population approach using NONMEM (Version

assessments. This time window was selected because it covers the

VI, level 2; Icon Development Solutions, Ellicott City, MD, USA).

times of the expected Cmax values of the population as well as the ini-

The primary outcome variable, the HR correction according to

tial decline in plasma concentrations, which is important to allow for

Fridericia (QTcF) was pre‐specified in the study protocol. Use of an

the characterization of the concentration–effect. The sampling strat-

alpha parameter to account for individual HR correction (e.g., Friberg

egy of capturing ECGs at random times within a pre‐specified time

et al. 200611) was explored based on the placebo data. Since there

window, also had the additional methodological advantage that ECGs

was no apparent improvement in describing the data with this

in individual patients were captured at different post‐dose times at

approach, and inter‐subject variability in alpha was not supported,

each occasion of the six different study visits. Hence, this approach

QTcF was used as the dependent variable in the analysis.

provided a set of six “serial” post‐dose ECGs in each individual patient,
that were obtained at random times within 0.5 and 3.0 hours post‐

2.5

|

Pharmacokinetic assessments

dose, essentially following a “population approach” that is well

To allow for a concentration–effect analysis of QT/QTc‐interval data

accepted for PK analysis.

(QTc/PK modelling), the patients who underwent ECG recording also

HERMANN
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took part in a pharmacokinetic substudy. Blood samples for quantifica-

baseline >30 ms and >60 ms; QT interval >500 ms; PQ interval

tion of cladribine and major cladribine metabolite (2‐chloroadenine;

>200 ms; QRS interval >120 ms; HR <50 or >100 beats per minute

M1) plasma concentrations were taken following a population phar-

(bpm) (bradycardia); HR >100 bpm (tachycardia).

macokinetic (PopPK) approach. Samples were taken on the first day

In addition, linear regression analyses according to Garnett et al.13

of the first treatment week in Year 2, with a first sample taken

and a modelling and simulation data analysis applying a population

between 1 and 6 hours after dosing and a second sample 24 hours

approach using NONMEM were conducted to analyse the individual

post dose, prior to intake of the dose on Day 2 of the respective treat-

cladribine/QTcF concentration–effect relationships.

ment week. Further details on the PopPK analysis were published by
Savic et al.12

2.7

|

Nomenclature of targets and ligands

Plasma concentrations were determined using a validated HPLC–
MS/MS with a lower limit of quantitation (LLOQ) of 0.1 ng/mL for
cladribine and for 2‐chloroadenine (M1), respectively.

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY,14 and are permanently archived in the Concise Guide to

2.6

|

Statistical analysis

PHARMACOLOGY 2017/18.15

All ECG interval parameters are presented as arithmetic means of two
(post‐dose ECGs) or three (baseline ECGs) measurements. ECG inter-

3

RESULTS

|

val measurements (RR, PR, QRS, QT, QTcB and QTcF) and heart rate
were summarized by treatment group at study and visit baselines,
and Weeks 5, 9, 13, 48 and 52. The primary ECG variable was QTcF,
that is QT interval corrected for heart rate according to Fridericia's
formula. Abnormal morphology features present on any one of the
post‐dosing ECGs were compared with study baseline.
The ECGs used for defining the study baseline ECG values to
define all changes from study baseline were the mean of three ECGs
obtained at 15‐minute intervals immediately prior to the first dose of
cladribine. Accordingly, the mean of the three ECGs performed pre‐
dose at each visit were to define all changes from the visit baseline.
The mean of the two post‐dosing ECGs at each visit (two ECGs taken
no more than 5 minutes apart within 0.5–3 hours after dosing) were
used as the post‐dose interval duration and were compared with both
the study and the visit baseline ECG values, by visit.
The changes to study and visit baseline of the ECG parameters
were analysed by means of an analysis of variance (ANOVA) on
change to baseline at subject level with fixed effects for treatment
and gender, separately at all defined time points. Based on the model,

3.1

|

Patient demographics

The population of the ECG substudy was well distributed across the
three treatment groups with n = 49 and n = 48 patients in the
cladribine 3.5 mg/kg and 5.25 mg/kg groups, respectively, and
n = 46 patients in the placebo group (Table 1). In accordance with
the known epidemiological characteristics of RRMS, more than 98%
of patients in the overall ECG substudy population were of Caucasian
ethnic origin (White), and about two‐thirds of the patients (65.7%)
were women. The mean age (± SD) was 42 ± 11 years, and the mean
weight was 73 kg. While race and weight were equally distributed
across treatment groups, the patients from the placebo group were
on average about 5 and 1 years younger, and also had a 1.5 and
3.0 years shorter disease duration than patients in the cladribine
3.5 mg/kg and 5.25 mg/kg groups, respectively. Differences between
the placebo group and the cladribine treatment groups were also apparent with regard to the gender distribution, with a distinctly higher
proportion of male patients (50%) in the placebo group, while only
26.8% male patients were enrolled in both cladribine treatment groups.

the differences between cladribine and placebo were estimated, and
two‐sided 90% confidence intervals were computed using residual
errors. Point estimates and CI intervals for cladribine vs. placebo were
presented graphically.

3.2

|

ECG data base and timing of assessment

The ECG substudy population provided a total of 1534 post‐dose

Additionally, the QTcF values were also analysed using an

ECGs (1210 of which had complete timing information; 821 obtained

analysis of covariance (ANCOVA) model with treatment and gender

from patients receiving cladribine treatment, and 389 obtained from

as fixed effects and baseline as covariate, separately at all defined

patients receiving placebo). In general, patients provided a screening

time points.

ECG and a series of longitudinal ECGs over a time period of 52 weeks

A categorical outlier analysis supplemented the central tendency
analysis by determining if there were patients who had remarkable

(three pre‐dose ECGs and two post‐dose ECGs at each of six visits,
i.e., 31 ECGs in total).

treatment‐emergent values or changes vs. baseline on any ECG inter-

Analysis of the relative ECG times showed that the majority of

val or HR that would not be revealed in a mean change from baseline

ECGs were captured in the pre‐specified time window. The great

central tendency analysis. The outlier analyses was performed based

majority of patients (76 out of 97 in the active dose groups) had at

on number and percentage of patients exceeding the following limits

least one ECG between 0.5 hour and 1 hour after cladribine adminis-

for each time point and treatment: QTcF/QTcB interval >450 ms,

tration, which is the time‐window of the expected achievement of

>480 ms and >500 ms; QTcF/QTcB interval increase from visit base-

maximum cladribine plasma concentration for most patients. Figure 1

line >30 ms and >60 ms; QTcF/QTcB interval increase from study

illustrates the individual distribution of ECG and PK sampling times
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Demographic characteristics of the ECG population
Cladribine tablets
3.5 mg/kg

Placebo
n

46

Age in years, mean (SD)
Disease duration in years, mean (SD)

49

Cladribine tablets
5.25 mg/kg
48

Overall
143

39.6 (11.7)

41.0 (10.3)

44.2 (9.4)

41.6 (11.0)

8.7 (7.2)

10.2 (9.1)

11.7 (8.0)

10.2 (8.2)

73.2 (16.7)

71.2 (14.8)

73.7 (15.1)

72.6 (15.5)

Female

23 (50.0)

35 (71.4)

36 (75.0)

94 (65.7)

Male

23 (50.0)

14 (28.6)

12 (25.0)

49 (34.3)

White

46 (100)

48 (98.0)

47 (97.9)

141 (98.6)

Asian

0 (0)

1 (2.0)

0 (0)

1 (0.7)

Other

0 (0)

0 (0)

1 (2.1)

1 (0.7)

Weight in kg, mean (SD)
Sex, n (%)

Race, n (%)

SD, standard deviation.

FIGURE 1 Times of ECG and PK
assessments relative to dosing. Distribution of
post‐dose ECG (black stars, right columns of
visits) and PK (open circles, left columns of
visits) sampling times (ECG population).
Negative times are before first dose in cycle,
positive times are after first dose in cycle.
Only observations with PK and ECG
measurements on the same day are
presented. D, day; ECG, electrocardiogram;
PK, pharmacokinetic; W, week

across

visits.

Figure

2A

shows

modelled

cladribine

plasma

groups which is of no clinical significance. There was a slight increase

concentration–time profiles of the ECG/PK substudy population from

in the number of outliers in the 5.25 mg/kg dose group; in that group

the PopPK analysis, Figure 2B shows the modelled distribution of

1–4 patients per visit showed PR interval duration of >200 ms vs. no

the times of maximum cladribine plasma concentrations (tmax) in

patients in the placebo group and one patient in the cladribine

the ECG/PK substudy population, and Figure 2C displays the actual

3.5 mg/kg group.

distribution of the times of capturing post‐dose ECG data. Overall,

The mean placebo‐corrected change in QRS interval duration

the distribution of tmax data and ECG collection times were very

from baseline was 0 ms and 1 ms for the cladribine 3.5 mg/kg and

consistent.

5.25 mg/kg dose groups, respectively; there was one outlier
(QRS > 120 ms) in the 5.25 mg/kg dose group, and no outlier patients

3.3

|

Heart rate

in the placebo and cladribine 3.5 mg/kg groups.

The mean placebo‐corrected change from baseline for the cladribine
3.5 mg/kg and 5.25 mg/kg groups was −1.6 bpm and −1.5 bpm,
respectively. There were no significant imbalances in either the
bradycardic or tachycardic outliers compared with placebo.

3.4

|

PR‐ and QRS‐interval duration

3.5

|

Analyses of central QTcF tendencies

Comparison of mean visit baseline QTcF values vs. post‐dose placebo‐
adjusted QTcF data (i.e., ΔQTcF) did not show remarkable post‐dose
QTcF differences for either of the cladribine treatment groups com-

The mean placebo‐corrected change in PR interval duration from

pared with baseline. At several visits and across all treatment groups

baseline was 3 ms for both the cladribine 3.5 mg/kg and 5.25 mg/kg

including the placebo group, there were consistently minor, transient

HERMANN
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data indicate lack of a clinically relevant acute QTcF prolongation by
both employed oral cladribine treatments. The findings were consistent across visits over the entire trial duration.
Placebo‐adjusted ANOVA results (point estimates and 90% CI) for
the differences to placebo of QTcF changes from study baseline are
summarized for all study visits and both doses of cladribine in
Table 3. In the cladribine 3.5 mg/kg treatment group, post‐dose QTcF
increases were below 6 ms at all time points, and less than 3.2 ms at
five of the six visits (Table 3). The upper 90% CI data were below
8.2 ms at five of the six visits, and below 11.5 ms at one visit (Week
48). There was no apparent monotonic time‐effect over the study
duration.
In the cladribine 5.25 mg/kg treatment group, however, there was
a non‐clinically significant potential time‐effect noted with more distinct post‐dose QTcF increases that appeared at Week 9 and
persisted, but did not increase, through Week 52. These mean post‐
dose QTcF increases starting from Week 9 were below 9 ms at all
time points, with upper 90% CI data below 15 ms. The population
PK/PD modelling and simulation analysis indicated that the additional
QTcF increment starting at Week 9 amounted on average to about
4.3 ms, and that this effect was only apparent in the female population of the 5.25 mg cladribine dose group (for details, see Section
3.8 below).

3.6

|

Categorical QTcF outlier analyses

No evident outlier incidents were noted in any of the treatment
groups, which include absolute QT duration >500 ms, QTcF duration
>500 ms, QTcF duration >480 ms, a >60 ms change from study or visit
baseline QTcF, and findings of abnormal U waves.
The less specific outlier criteria include a QTcF duration >450 ms
and a 30–60 ms change (QTcF) from study or visit baseline. None of
the patients in the placebo and cladribine 3.5 mg/kg groups, and one
(Week 1 and Week 52) to two (Week 9) patient(s) in the cladribine
FIGURE 2 A, Cladribine plasma concentration–time profiles
simulated for the ECG/PK subpopulation of the CLARITY trial.
Estimated by population PK model. B, Estimated distribution of the
maximum observed cladribine plasma concentrations (tmax) in the
ECG/PK subpopulation of the CLARITY trial. C, Observed distribution
of post‐dose ECG data in the ECG/PK subpopulation of the CLARITY
trial. ECG, electrocardiogram; h, hour; PK, pharmacokinetic

5.25 mg/kg group showed a slightly prolonged QTcF duration of
>450 ms. QTcF post‐dose changes from study baseline ranging
between 30 and 60 ms were noted in one (placebo, Week 13) to
two patients in each treatment group (cladribine 3.5 mg/kg, Week 9;
cladribine 5.25 mg/kg, Week 13). No QTcF changes from visit baseline
values ranging between 30 and 60 ms were noted in the placebo
group, and only single occasions in both cladribine treatment groups
(cladribine 3.5 mg/kg one patient in Weeks 5 and 48; cladribine

and clinically insignificant mean post‐dose QTcF increases between 1
and 4 ms vs. QTcF visit baseline. However, the point estimates and the
upper limits of 90% CI for placebo‐corrected post‐dose QTcF changes
from visit baseline were at all occasions and for both cladribine treat-

5.25 mg/kg one patient in Weeks 1, 9 and 48). There were no notable
dose or time dependencies (i.e., apparent relationship to the total
cumulative cladribine dose) in the pattern of the less specific outlier
criteria in the cladribine treatment groups.

ment groups less than 5 ms (point estimates) and less than 7 ms (upper
limit one‐sided of 90% CI), respectively. These results are illustrated in

3.7

|

T‐ and U‐wave morphology changes

Figure 3.
Placebo‐adjusted ANOVA results (point estimates and 90% CI) for

The morphological changes upon both cladribine treatment dose reg-

the time averaged QTcF changes from visit baseline are summarized

imens did not show any significant changes in T‐ or U‐wave mor-

for all study visits and both cladribine treatments in Table 2. These

phology compared with visit or study baseline ECGs, and no

1490
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FIGURE 3 Point estimates and 90% CIs of
QTcF changes (difference to placebo) from
visit baseline by cladribine treatment group
(ECG population). CI, confidence interval;
ECG, electrocardiogram

TABLE 2

ANOVA results for the time averaged QTcF change from visit baseline, placebo adjusted (ECG population)

Treatment

Visit

Cladribine tablets 3.5 mg/kg

Week
Week
Week
Week
Week
Week

Cladribine tablets 5.25 mg/kg

Week
Week
Week
Week
Week
Week

TABLE 3

Diff. To
placebo (ms)

Std. error (ms)

Lower 90%
CI (ms)

Upper 90%
CI (ms)

1
5
9
13
48
52

0.42
−2.01
−0.27
0.13
−1.23
−1.77

2.43
1.98
1.88
1.75
1.99
2.07

−3.61
−5.28
−3.38
−2.77
−4.53
−5.20

4.44
1.26
2.84
3.02
2.06
1.66

1
5
9
13
48
52

2.65
−1.95
3.20
2.58
0.42
−0.85

2.44
1.97
1.88
1.75
2.04
2.11

−1.40
−5.20
0.08
−0.32
−2.95
−4.35

6.69
1.31
6.33
5.49
3.80
2.65

ANOVA results for the time averaged QTcF change from study baseline, placebo adjusted (ECG population)

Treatment

Visit

Cladribine tablets 3.5 mg/kg

Week
Week
Week
Week
Week
Week

Cladribine tablets 5.25 mg/kg

Week
Week
Week
Week
Week
Week

Diff. To
placebo (ms)

Std. error (ms)

Lower 90%
CI (ms)

Upper 90%
CI (ms)

1
5
9
13
48
52

0.42
2.24
3.16
1.47
5.99
−0.79

2.43
2.87
3.02
2.84
3.29
3.88

−3.61
−2.51
−1.85
−3.24
0.53
−7.23

4.44
6.99
8.17
6.17
11.44
5.65

1
5
9
13
48
52

2.65
3.96
7.27
8.52
8.74
6.10

2.44
2.86
3.03
2.85
3.35
3.93

−1.40
−0.78
2.24
3.80
3.18
−0.44

6.69
8.71
12.29
13.24
14.31
12.64
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differences compared with placebo. A single patient in the cladribine

within the placebo group was calculated for each visit. The analysis

3.5 mg/kg group showed an inverted T‐wave on three occasions

was performed by using both study and visit baselines. The results

(Weeks 1, 5 and 9).

of both analyses are highly consistent and illustrated in Figure 4 for
the study baseline analysis, and Hermann et al.16 for the visit baseline

3.8 | Population PK/PD modelling and simulation
analysis
The results of the PK/QTcF modelling and simulation analysis were
overall highly consistent with the results of the standard descriptive
and ANOVA data analyses by treatment groups as detailed above.
The pre‐dose QTcF was estimated to be 405 ms for women and
385 ms for men. The inter‐individual and inter‐occasion variability
(expressed as coefficients of variation) in the baseline QTcF were

analysis.
Both linear regression analyses of placebo‐adjusted post‐dose
QTcF data (ΔΔQTcF) to study and visit baseline QTcF values and
the corresponding actual cladribine plasma concentrations resulted in
slopes very close to zero and corresponding non‐significant p‐values
for both baseline scenarios (Figure 4 and Hermann et al.16). Accordingly, the linear regression analyses indicate that there is no significant
correlation between the QTcF interval duration and cladribine plasma
concentrations.

estimated to be 3.5% and 1.7%, respectively, and the additive residual
error variability was 8.7 ms. There was a minor, clinically insignificant
(albeit statistically significant) mean post‐dose increase of 2.0 ms in
QTcF 0.5–4 hours after treatment administration that was similar
for placebo‐ and cladribine‐treated patients. There was no other
significant increase with time or a relationship between QTcF and
concentration of cladribine, concentration of 2‐chloroadenine (M1)
or cladribine dose, except a 4.3 ms QTcF increase that was only
observed in female patients of the 5.25 mg cladribine group,
starting at Week 13 and remaining essentially unchanged throughout
the following visits, despite continued cladribine treatment at Weeks
48 and 52.

4

|

DISCUSSION

Some non‐cardiac drugs have been found to have undesired
proarrhythmic effects which go along with a prolongation of the
QT/QTc interval in the ECG and are associated with a specific polymorphic form of a ventricular tachycardia denoted as Torsade de
Pointes (TdP). TdP can degenerate into ventricular fibrillation in about
20% of cases, and an overall mortality between 10 and 17% has been
reported.17 Over the last two decades, the single most common cause
for the withdrawal or restriction of the use of marketed drugs has
been the prolongation of the QT/QTc interval associated with TdP.18
Furthermore, many of these drugs were not thought to have adverse

3.9 | Correlation of cladribine plasma concentration
and QTcF

cardiac effects based on their respective mechanisms of action,
highlighting the importance of evaluating cardiac safety during clinical
development.19

Available cladribine plasma concentration data and QTcF interval data

Regulatory authorities have established a framework of preclinical

were subjected to two different linear regression analyses by using

and clinical development requirements for characterization of all new

QTcF study and visit baseline data. For the analyses, all observations

chemical entities (NCEs) for their effect on cardiac repolarization.

with a time difference of less than 1 hour between PK sampling and

These are defined by the International Conference on Harmonisation

ECG assessment were included, and the correlation between the

(ICH) Guidelines SB7 (preclinical) and E14 (clinical).7,20 Guideline ICH

placebo‐adjusted post‐dose QTcF differences to baseline QTcF

E14 describes the clinical evaluation of drug‐induced QTc prolonga-

(ΔΔQTcF) with the corresponding cladribine plasma concentrations

tion via a well‐controlled clinical study, the TQT study, typically con-

was analysed according to the approach proposed by Garnett et al.13

ducted in healthy volunteers with employment of supra‐therapeutic

For the placebo adjustment, the mean of the post‐dose QTcF values

doses and positive control treatments, as the primary method of

FIGURE 4 Cladribine plasma concentration
vs. ΔΔQTcF using study baseline in the ECG/
PK subpopulation of the CLARITY trial. ECG,
electrocardiogram; PK, pharmacokinetic
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evaluating the QT liability of NCEs during their development. As sci-

The CLARITY study protocol aimed to comply with the MS‐specific

ence develops, these guidelines become subject to updates and

medical needs of the participating patients throughout the duration of

amendments such as the recently issued Q&A document R3 to the

the trial. Therefore, only a few medications were excluded by the

10

ICH E14 Guideline.

Therein it is acknowledged that in certain cases

study protocol for safety reasons (i.e. essentially immunomodulatory/

conventional TQT studies might not be feasible, and suggests a variety

immunosuppressive therapies, cytokine or anti‐cytokine therapy, and

of study design and data analysis considerations—including concentra-

concomitant usage of medications that could affect gastrointestinal

tion effect analyses and modelling—to address the clinical develop-

motility and absorption of cladribine, including proton pump inhibi-

ment needs for cardiac safety testing in such cases. The intense ECG

tors and H2 antagonists). All other medications that were considered

substudy of cladribine tablets presented here applied many of the sug-

necessary for the subjects' welfare and deemed unlikely to interfere

gested methodological approaches of ICH E14 (R3) before the docu-

with the study medication were allowed to be given at the discre-

ment was issued.

tion of the investigators. This implies that the study did not restrict

Repeat‐dose TQT studies in healthy subjects were conducted for

the use of concomitant medications that may have had effects on

other recently approved orally acting RMS disease‐modifying drugs

the QTc interval. As there were only a few individual QTcF outlier

with shorter duration of immune‐suppressive effects, such as

incidences observed in the study population and these were well

fingolimod and teriflunomide. While the teriflunomide TQT study did

balanced across the treatment groups, concomitant medications

not show potential for prolonging the QTcF interval at mean thera-

were not considered as a covariate in the analysis.

peutic steady‐state concentrations compared with placebo,21 with

The additional employment of PK blood samplings for the exami-

fingolimod a mild QTc prolongation was seen in a dedicated TQT

nation of the relationship between drug concentration and QT/QTc

study.22 However, this study has not yet been published. The only

interval provided important additional and robust information for

quantitative information on the QTc prolongation potential of

the overall interpretation of the captured longitudinal ECG data in a

fingolimod can be found in the Summary of Product Characteristics

heterogeneous RMS patient population. For the ECG‐ and PK‐

(SPC)23 where it is stated that doses of 1.25 mg or 2.5 mg fingolimod

sampling strategy, a sparse data population approach was chosen

at steady‐state resulted in a prolongation of QTc with the upper limit

with application of random PK and ECG sampling times in a time‐

of the 90% CI ≤13.0 ms.

window of the expected maximum drug exposure, i.e., 0–3 hours

Cladribine tablets 10 mg have recently been approved in Europe,

post‐dose (PK samples at 0–6 hours and at 24 hours post‐dose).

Australia, Canada and several other countries and regions for the

Although the acquisition of only one post‐dose ECG time point (with

treatment of adult patients with certain types of relapsing MS

duplicate ECG acquisition) on each visit may be seen as a limitation,

(RMS). The recommended dose is 3.5 mg/kg BW, consisting of two

the repeated performance of this procedure over six visits in 143

annual courses, each comprising two treatment weeks one month

patients participating in the ECG substudy provided a total sample

apart. Cladribine tablets exert a selective mode of action on B and

of 1534 post‐dose ECGs, which can be considered a solid database

T lymphocytes which goes along with a long‐lasting reduction in lym-

for the evaluation of drug effects on the QT/QTc interval and the

phocyte count.5,6 Given this mode of action, the examination of car-

examination of concentration effects. Recently it was explicitly

diac safety by means of a TQT study was not feasible. Therefore, an

acknowledged in ICH E14 (R3)10 that concentration–response analy-

intense ECG substudy as part of a multinational, large‐scale Phase

ses, in which all available data across all doses are used to character-

III study (the CLARITY trial) has been designed as an alternative

ize the potential for a drug to influence QTc, can serve as an

approach to detect and characterize possible drug effects on the

alternative to the by‐time‐point analysis or intersection–union test

QT/QTc interval of the ECG. Such an alternative approach has also

as the primary basis for decisions to classify the risk of a drug. In

been suggested by others.8,9

either case this result is an important component of the totality of

The data collection in the intense ECG substudy applied important

evidence assessment of the risk of QT prolongation.

methodological prerequisites to enable accurate measurement and

Another aspect of this design feature is that this approach

quantification of the time intervals of the ECGs. These measures

was associated with minimal discomfort and PK sampling burden of

included appropriately qualified and trained personnel at selected

the patients, but allowed ECG and PK collection over a wide

study centres, validated 12‐lead ECG machines provided, maintained

range of plasma concentrations despite the low sampling burden.

and quality checked by a dedicated vendor, replicate ECG collection

As shown in Figure 4, a broad range of cladribine plasma concentra-

(i.e., triplicate at baseline and duplicate for all post‐dose ECGs), and

tions was indeed covered. The repeated acquisition of ECG and PK

fully manual central reading of all ECGs by expert cardiologists

data at all study visits further allowed a longitudinal analysis and

(eResearchTechnology, Inc., Philadelphia, PA, USA). ECGs were always

demonstration of the cardiac safety of cladribine tablets over the

captured on the first day of each treatment week, in accordance with

entire treatment duration. However, the interpretation of serial

the BW‐adjusted dose regimen. All patients with a BW of ≥60 kg

long‐term ECG data in patients with MS may be challenging and

received the maximum recommended daily dose of 20 mg cladribine

complicated, because progression of the disease itself may lead to

tablets on the first day of each treatment week, and no accumulation

cardiac repolarization abnormalities (i.e. time effects), due to

of cladribine plasma concentrations occurred upon once‐daily

disease‐related dysfunctions of the autonomic nervous system

repeated dosing.

(ANS), probably based on axonal lesions either at the level of spinal
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cord or the ANS nuclei that are located in the periventricular region

5
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CO NC LUSIO NS

of the fourth ventricle.
Various studies have shown evidence of QTc prolongation in MS
24-26

In conclusion, the ECG results presented here indicate that cladribine

A recent

showed no evidence of any effect on heart rate, AV conduction or car-

MRI study27 confirmed these results in RMS patients by three‐

diac depolarization as measured by the PR and QRS interval durations.

patients over time with progression of the disease.

dimensional quantification of brain lesion load at the level of the struc-

No significant changes in T‐wave morphology were observed in either

tures involved in superior autonomic control (insula, cingulate cortex

of the cladribine treatment groups.

and amygdala‐hippocampus). Overall, 16% of the patients had an

Overall, the data showed no evidence of an acute cladribine

increased QTc interval. The QTc interval length was correlated with

concentration‐dependent effect on cardiac repolarization. Considering

disease duration, cortical insular lesion volume and grey matter lesion

the challenges associated with the long duration of the trial, and the

volume in the three examined areas and inversely correlated with

possible contributing factors of the subjects' underlying condition,

global and insular cortical thickness. As the distribution of MS‐related

the QTcF outcomes were found to be highly consistent over time vs.

alterations of ANS functions across treatment groups is likely to occur

visit baseline data, indicating that cladribine does not confer a clinically

by chance, and randomization cannot account for these events,

meaningful long‐term effect on cardiac repolarization. Considering the

disease‐related QTc changes with time have to be taken into account

recent marketing approval of cladribine tablets for MS in Europe and

as a confounding factor in the interpretation of the long‐term serial

other regions, and the up‐to‐date assessment methodology used for

ECG data. In this context, a limitation of the study was that the ran-

cardiac safety evaluation, this report is highly relevant for the practis-

domization of the ECG population resulted in a larger proportion of

ing community, and also to clinical researchers involved in cardiac

women and of patients with a longer history of illness in the cladribine

safety testing of novel products.

treatment groups as compared with placebo (Table 1). Importantly, the
largest proportion of women (75% vs. 50% in the placebo group) and
the longest disease duration (11.7 years vs. 8.7 years in the placebo
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